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Fossil fuels have reached the limits of growth

> Carbon Countdown

How many years of current emissions would use
up the IPCC’s carbon budgets for different levels
of warming?

CarbonBrief

RMI - Energy. Transformed. Source: Carbon Brief
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Renewable technologies on learning curves

Onshore Wind Offshore Wind Solar
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Have unlocked a huge resource

Solar and wind potential as share of total energy demand

. Superabundant: >1,000x - Replete: >10x

- Abundant: >100x Stretched: <10x

RMI - Energy. Transformed. Source: Carbon Tracker
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They are growing exponentially

Wind generation Solar generation Annual EV sales Annual battery storage sales
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RMI — Energy. Transformed. Source: BNEF, BP, Ember; Note: CAGR is the compound annual growth rate between 2012 and 2022. All data is global 5
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And across the world

Chile Solar Vietnam solar India solar _
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And will reshape the energy system

Ways to substitute fossil fuel demand
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RMI — Energy. Transformed. Source: RMI based on 2022 data from BNEF, Tesla framing 7



So this is where we are heading

Useful energy supply

m Solar = Wind m Hydro

m Geothermal m Nuclear Modem bio
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A technology shift we have seen many times before

The risk is to be left high and dry with old technologies. Greenwashing and CCS are tactics not strategy

Cast iron to steel
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Transport: Sailing ships to steamships
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Why we can be confident of success? Costs are falling

Solar costs Battery costs
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The opportunity is huge

Fossil fuel rents Sbn
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RMI - Energy. Transformed. Source: World Bank 1
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Renewables provide energy security

Importers and exporters

® Fossil fuel dependent ® Fossil fuel importer ® Fossil fuel exporter ® Petrostate

Powered by Bing
© Australian Bureau of Statistics, GeoNames, Microsoft, Navinfo, Open Places, OpenStreetMap, TomTom, Zenrin

RMI - Energy. Transformed. Source: World Bank 12
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There is a race for the top

Solar and wind generation Electric vehicle car fleet
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A renewable system is cheaper

Capital expenditure and fuel costs in the net zero scenario

Figure 4.14 = Global energy investment and spending on fuels in the STEPS and
the NZE Scenario, 2018-2050
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Fuel spending

W Other energy
investment spending

Clean energy investment
spending

® Total investment as a
share of GDP (right axis)

Source: |[EA NZE 2023
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So policy action will keep rising

Net-zero targets # Combustion car bans
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In 2022, over 90% of the world by GDP had set net- Fifty countries and regions are planning to The share of emissions covered by taxes
zero targets, up from 6% in 2017. ban ICE cars. has increased fourfold in a decade.

RMI - Energy. Transformed. Source: |[EA, BNEF, World Bank 15
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Innovation will continue to pour into the space

Hyke's electric ferry Zeroavia H2-electric aviation

Rondo’s industrial heat battery Siemens’ industrial heat pump

RMI — Energy. Transformed. Source: Hyke, Zeroavia, Rondo, Siemens

16



R
Capital is moving

Capital expenditure in energy
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RMI — Energy. Transformed. Source: IEA World Energy Investment 2023 17



The challenges are many but the solutions are more

Flexibility provision

Figure 4.13 = Global power system flexibility needs and supply in the APS
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What is special about this decade: capacity gets built

New solar capacity

Annual new solar PV capacity
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Renewables race up S-curves

100% share of sales

Outlook
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RMI — Energy. Transformed. Source: BNEF & IEA (past), RMI (forward). Note: Solar & wind share of gross additions in GW 20
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Key Sectors Hit Their Tipping Point

1990 1995 2000 2005 2010 2015 2022 2025 2030 2035 2040 2045 2050

Buildings

Cement

Chemicals

B Concept [ Solution I Niche market [ Mass market [l Late market O Market tipping point (cost &
development critical mass tipping points)

Source: SYSTEMIQ
RMI - Energy. Transformed.



Fossil fuel demand faces decline or collapse

Energy demand

Coal Oil Natural gas Renewables and nuclear
(Mtce) (mb/d) (tem) (EJ)
6 000 120 6.0 480
’\
3 000 60 3.0 240
2010 2050 2010 2050 2010 2050 2010 2050
we STEPS APS NZE

RMI - Energy. Transformed. Source: |[EA WEO 2023 22
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The debate will be very different in 2030

A change in both reality and perception

. it ensure that rencwabie growtn  INNNILCIN
Relative costs renewables vs. fossil
fuels

Societal pressure for change Moderate
Renewable share of energy demand

stays on track, both reality and
perception will be very different in
2030.

Comparable Renewables are much cheaper
Intense

 Renewable costs will be clearly
lower than fossil costs in at least

All of the growth

one part of every major system. Share of solar & wind in electricity About 14% About 40%
generation
» Societal pressure for change will be
higher. EV share of sales About 20% Over 70%

- Renewables will be supplying all the Global fossil fuel demand Maybe peaking Clearly in decline

growth in energy demand, and fossil
fuel demand will be in clear decline.

China’s fossil fuel demand Maybe peaking Clearly peaked

Harder-to-solve sectors Some solutions Lots of solutions
* Many barriers to change will be
solved. and new solutions will be Barriers to change Lots of concerns

visible.

Less concerns

Geopolitics Renewables nice to have Renewables a key tool of power

* Geopolitics and financial markets
will have embraced the new Financial markets | should hedge my bets

technology.

Renewables are the future
Corporations Green premium Green prize

RMI - Energy. Transformed. Source: RMI 23
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What we need to do: The 4 key levers

The four key drivers of change

Share of useful energy 2022
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Avoid temporary solutions

Useful energy supply in 2050

Share of useful energy 2050
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Build out the new
Clean tehnology sales in 2022 and 2030

Wind Batteries EV cars Heat pumps Electrolyzers
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Investors: play the renewable supercycle

The energy transition is a megatheme, like the industrialization of China or the growth of the

internet. The investment response is clear:

Allocate capital

to growth sectors

RMI - Energy. Transformed.

Exit sectors in
decline. Or trade

the volatility on
the way down

Go long-short
winners and
losers from
change.

Disruption is
coming so
separate reality
from lip service

Source: RMI
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About RMI

RMI is an independent nonprofit founded in 1982 that transforms global energy systems through market-driven solutions to align with a 1.5°C
future and secure a clean, prosperous, zero-carbon future for all. We work in the world’s most critical geographies and engage businesses,
policymakers, communities, and NGOs to identify and scale energy system interventions that will cut greenhouse gas emissions at least 50
percent by 2030. RMI has offices in Basalt and Boulder, Colorado; New York City; Oakland, California; Washington, D.C.; and Beijing.
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